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D espite concerns about their safety, psychotropic medications are used frequently to manage behavioural symptoms in older adults, particularly in those who have dementia. These medications tend to be used because the effectiveness of psychosocial and behavioural interventions remains unclear, and because implementation of those alternate interventions is often hampered by a lack of resources. 1 In nursing homes, psychotropic agents are given to up to twothirds of dementia patients. [2] [3] [4] [5] The safety of antipsychotic medications in older adults has been called into question. The United States Food and Drug Administration and Health Canada have issued advisories stating that certain atypical antipsychotics (risperidone, olanzapine and aripiprazole) have been associated with an increased risk of stroke and transient ischemic events, and both atypical and conventional antipsychotics have been associated with an increased risk of death. [6] [7] [8] [9] [10] [11] Given this problematic safety record, physicians may increasingly resort to alternative psychotropic agents for management of behavioural symptoms in older adults. 1, 12, 13 However, comparative studies of the safety of other classes of psychotropic medications in such patients have not been conducted.
In the absence of randomized controlled trials, pharmacoepidemiologic studies using large databases are the best option available for defining the comparative safety of the psychopharmacologic treatment regimens used to manage behavioural symptoms in older adults with dementia. Rigorous methodologic approaches need to be applied to ensure that epidemiologic studies are unbiased by the selective prescribing that occurs in nonrandomized studies. 1 We aimed to examine the association between various classes of psychotropic medications and a range of unintended health outcomes among older adults admitted to nursing homes. We focused on patients in nursing homes because use of psychotropic medication is known to be extensive in this setting, [2] [3] [4] [5] and medication safety is of particular concern given the complex array of medical illnesses among these patients.
Methods

Study design and data source
We conducted a population-based cohort study involving older adults newly admitted to a nursing home in the province of British Columbia (BC). We obtained ethics approval for our study from the Brigham and Women's Hospital Institutional Review Board.
We used linked administrative data from the BC Ministry of Health. The data included longitudinal, person-specific information on health services received under the province's universal insurance program, including physician services, admissions to hospital and long-term care, and prescription drugs recorded as dispensed by the province-wide PharmaNet database. Vital status information was linked from the BC Vital Statistics Agency.
Study cohort and medications
The study cohort consisted of all BC residents aged 65 years or older who were admitted to a nursing home between Jan. 1, 1996, and Mar. 31, 2006 , and who were prescribed a psychotropic medication during the first 90 days after admission but not during the six months before admission. We employed a new-user design to avoid underascertainment of events occurring soon after therapy begins, 14 and to ensure that baseline covariables at study entry were assessed before treatment initiation and not affected by the treatment itself. 15 We classified patients into one of four treatment categories (atypical antipsychotics, conventional antipsychotics, antidepressants, or benzodiazepines and other hypnotic agents [referred to as benzodiazepines]) according to the first new prescription for a psychotropic agent that was filled within the 90-day enrollment window. The specific medications that comprised each category are listed in Appendix 1 (available at www .cmaj .ca /cgi /content /full /cmaj .101406 /DC1).
The date of initiation of treatment was considered to be the index date. We excluded patients who, on the index date, filled prescriptions for multiple medications that belonged to different psychotropic classes. We also excluded patients with a diagnosis of cancer before the index date to avoid residual confounding introduced by selective prescribing of conventional antipsychotics as antiemetics for patients undergoing chemotherapy. 10 Exposure to a class of psychotropic medication was considered to be discontinued if the prescription had not been refilled 14 days after the end of the last dispensed supply.
Baseline covariables were assessed during the six-month period before (and inclusive of) the index date. The period of follow-up began the day after the index date and extended up to 180 days.
Outcome measures
Selection of outcomes was informed by the safety concerns that have been raised for antipsychotics. All noncancer deaths occurring within 180 days after the index date were identified. Other outcomes included cardiac events (myocardial infarction, heart failure, cardiac arrest and ventricular arrhythmias), cerebrovascular events (ischemic stroke and transient ischemic attack), femur fracture, pneumonia and venous thromboembolism. Events were defined based on admission to hospital within 180 days after the index date with a relevant primary or secondary International Classification of Diseases (ICD) diagnostic or procedural code based on the 9th revision, clinical modification (ICD-9-CM) or the ICD-10 (Appendix 2, available at www .cmaj .ca /cgi /content /full /cmaj .101406 /DC1).
Potential confounders
Potential confounding variables included age, sex, calendar year, level of care assigned at the time of admission to a nursing home, and clinical conditions that might affect the outcomes under consideration. Psychiatric morbidity was defined as dementia, depression, anxiety, delirium, a mood disorder, a psychotic disorder, a sleep disorder, alcohol or drug abuse, other psychiatric disorders, or prior use of anticholinergic and psychotropic drugs. Other comorbid conditions included hypertensive heart and kidney diseases, arrhythmias (a diagnosis plus use of antiarrhythmia medication), diabetes mellitus (a diagnosis plus use of antidiabetic medications), cerebrovascular disease (hemorrhagic and ischemic events), congestive heart failure, acute myocardial infarction, coronary artery disease, other evidence of ischemic heart disease (angina, percutaneous transluminal coronary angioplasty, coronary artery bypass graft or nitroglycerin use), other cardiovascular conditions (including valvular disease, aneurysm, peripheral vascular disease), HIV infection, epilepsy, Parkinson disease, osteoporosis, fracture history, pneumonia and chronic lung disease. We used the Charlson comorbidity index, 16 number of physician visits for any reason, number of hospital admissions for any reason and of any length, number of distinct (nonpsychotropic) prescription drugs, and prior specialist care (i.e., psychiatrist, geriatrician or neurologist) as generic markers of comorbidity.
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Statistical analysis
We calculated the rates of the various outcomes with follow-up censored at the time of treatment discontinuation (plus a 30-day lag period) or treatment crossover, defined as a switch to or addition of a medication belonging to the comparator group (i.e., as-treated analysis).
We fit proportional hazards models for pairwise comparisons against atypical antipsychotics. We used propensity score adjustment to balance measured risk factors for the outcomes between medication user groups. 18 Propensity scores were derived from predicted probabilities estimated in logistic regression models of conventional antipsychotic, antidepressant and benzodiazepine use versus atypical antipsychotic use. The propensity score models contained all of the potential confounders listed above, except those that were known to be strongly related to the exposure and thought to be unrelated to the outcomes. The latter were excluded to avoid unnecessarily increasing the variance of the estimated exposure effect 19 and to reduce bias through adjustment for an instrumental variable in the presence of unmeasured confounders. 20 We truncated 2.5% of patients on either extreme of the propensity score distribution, and divided patients into quintiles based on their propensity score value. The Cox models were adjusted for these quintiles. This approach ensured that the comparisons were made between patients that were homogeneous in terms of measured sociodemographic characteristics, health care utilization characteristics and medical history, including proxies for treatment indication (Appendix 3, available at www .cmaj .ca /cgi /content /full /cmaj .101406 /DC1). Treatment with another psychotropic medication class after the index date was included as a time-varying covariable. Adjusted models were run separately in strata defined by dementia, and for patients with no prior use of either the treatment or comparator medication class. We also investigated the effect of restricting the group of patients initiating benzodiazepines to those who received medications used primarily to manage anxiety and agitation (as opposed to those used primarily to induce sleep).
In secondary analyses, we used high-dimensional propensity score adjustment in an effort to further reduce residual confounding. 21 The highdimensional propensity score algorithm evaluated thousands of diagnoses, procedures and pharmacy claim codes (referred to as data dimensions) to identify and prioritize covariables that served as proxies for unmeasured confounders, such as level of cognitive functioning, dependence in activities of daily living and severity of behavioural disturbances. Specifically, the 200 most prevalent codes in each data dimension were prioritized by calculating, for each covariable, the possible amount of confounding it could adjust for in a multiplicative model, given a binary exposure and outcome, after adjusting for demographic covariables. These covariables were then sorted in descending order of confounding potential, and the top 500 empirical covariables were selected. These empirically identified confounders were combined with investigatoridentified covariables to improve confounding adjustment. We also conducted analyses that carried the first exposure forward throughout the 180 days (initially-treated analysis).
Results
Of the 10 900 patients included in the study cohort, 1942 initiated an atypical antipsychotic, 1902 a conventional antipsychotic, 2169 an antidepressant and 4887 a benzodiazepine. Most patients initiated treatment shortly after admission (median 1 day, interquartile range 0-13 days).
Overall, users of atypical antipsychotics had more diagnosed psychiatric comorbidities, used more medications indicated for dementia and psychotropic medications, and had more visits to psychiatrists (Table 1) . Compared with users of atypical antipsychotics, users of conventional antipsychotics had fewer comorbidities and required less intensive care. Users of antidepressants were sicker than users of atypical antipsychotics, with considerably more pre-existing diseases of the circulatory system, diabetes, chronic lung disease and prior fractures, and with worse general indicators of comorbidity. Users of benzodiazepines had more pre-existing cardiovascular disease, diabetes, chronic lung disease and fractures than users of atypical antipsychotics, but general indicators of comorbidity indicated they were in slightly better health otherwise.
Rates of noncancer-related mortality, femur fracture, heart failure and stroke were lower among patients who initiated atypical antipsychotics than among those who initiated other psychotropic medications. The rate of myocardial infarction was higher (Table 2) . Cardiac arrest, ventricular arrhythmia and venous thromboembolism were uncommon events, with rates well below one per 100 person-years in all groups. Owing to the low number of events observed, these event types, as well as stroke and myocardial infarction, were not included in the final analysis.
The time from treatment initiation to occurrence of events is shown in Figure 1 . The corresponding rate ratios (RRs) are shown in Patients who initiated benzodiazepines were at increased risk for noncancer-related death (1.28, 95% CI 1.04-1.58). Virtually no difference was observed in the risk of femur fracture (0.99, 95% CI 0.66-1.51). The RR for pneumonia was 0.85 (95% CI 0.56-1.31). Users of benzodiazepines had an increased risk of admission to hospital for heart failure in the unadjusted analysis (RR 2.59). This association was reduced to 1.54 (95% CI *The events and person-years presented are those used in the comparison with conventional antipsychotics (i.e., patients were censored when they discontinued the index treatment or when they switched to or added treatment with a conventional antipsychotic).
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0.89-2.67) after adjustment for differences in preexisting cardiovascular disease. When restricting the analyses to users of benzodiazepine medications primarily prescribed for anxiety, we confirmed the findings for noncancer-related death (1.42, 95% CI 1.12-1.81) and heart failure (1.93, 95% CI 1.03-3.60). The result for pneumonia was essentially unchanged; for femur fracture, the RR was 1.23 (95% CI 0.78-1.94).
Results from the initially-treated analysis were
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Survival probability Survival probability Survival probability Survival probability consistent with the findings from the as-treated analyses, although the effects tended to be attenuated (Appendix 4, available at www.cmaj.ca /cgi /content /full/cmaj .101406 /DC1). The RR for noncancer-related death did not differ meaningfully for those with and without a diagnosis of dementia.
Restrictions to the subgroup of patients with no prior use of either the treatment or comparator class of medication did not meaningfully affect the associations for any of the outcomes. Likewise, in most cases, analyses using high-dimensional propensity score adjustments yielded no substantive changes. They tended to move the estimates toward the null (Table 3) . Finally, by way of a sensitivity analysis, we evaluated deaths not expected to be causally related to the exposures. The distribution of causes of death is shown in Appendix 5 (available at www .cmaj .ca /cgi /content /full /cmaj .101406 /DC1). Such causes included certain infectious and parasitic diseases; diseases of the blood and blood-forming organs; diseases of the digestive system; diseases of the genitourinary system; diseases of the skin and subcutaneous tissue; diseases of the musculoskeletal system and connective tissue; and symptoms, signs and abnormal clinical and laboratory findings not classified elsewhere. As expected, we observed effect estimates consistent with a null association for all three comparisons.
Research CMAJ 7 Note: CI = confidence interval, RR = incidence rate ratio. *Indicates patients without a history of use of either the referent (atypical antipsychotics) or comparator medication (conventional antipsychotics, antidepressants or benzodiazepines). †Because of the small number of events, subgroup analyses could not be run for nonmortality outcomes.
Interpretation
In 10 900 older adults newly admitted to nursing homes in BC who began taking psychotropic medications, we observed risks of death that were higher among those who initiated conventional antipsychotics, antidepressants and benzodiazepines. We also observed risks of femur fracture that were higher with conventional antipsychotics, antidepressants and benzodiazepines used for anxiety, all compared with atypical antipsychotics. No clinically meaningful differences were observed for risk of pneumonia or heart failure, except possibly a lower risk of pneumonia and a higher risk of heart failure with benzodiazepines. The increased risk of noncancer-related death observed for conventional antipsychotics is consistent with earlier findings. 10, 11, 22, 23 We did not confirm the finding from an earlier study involving community-dwelling patients 24 in which users of atypical agents showed a greatly increased risk of pneumonia compared with users of conventional agents. Our finding of a higher risk of femur fracture among users of conventional antipsychotics than among users of atypical agents is in line with observations made by Rochon and colleagues 25 regarding admissions to hospital for falls and fractures during the first 30 days after initiation of antipsychotic treatment among nursing home residents. In contrast, similar relative increases in risk among users of atypical and conventional antipsychotics compared with nonusers were found in a case-control study. 26 The risk of heart failure among users of antipsychotics and the comparative safety of antidepressants and benzodiazepines versus atypical antipsychotics have not been examined previously.
Limitations
As with any nonrandomized study, there is potential for residual confounding. We controlled for calendar year, sociodemographic characteristics, clinical factors and health care utilization factors that were likely to be independent predictors of adverse health outcomes. Nondifferential misclassification of confounders typically leads to incomplete adjustment of confounding bias. 27 No information was available on cognitive and functional impairment, or on severity of behavioural disturbances. High-dimensional proxy adjustment based on propensity score techniques was used in an effort to improve control of confounding compared with adjustment limited to predefined covariables. 28 Except for mortality, there is likely to be underascertainment of the outcomes. Because we implemented strict disease definitions to maximize specificity, we expect the relative measures of effect to be unbiased. 29 Lack of consumption of filled prescriptions could lead to misclassification of exposure status. Compliance should be high in a population of nursing home patients that is closely monitored, but occasional use might be an important source of misclassification. Despite the population-based nature of this study, its limited cohort size resulted in imprecisely estimated associations for some outcomes. Our interpretation took this into account along with competing explanations, such as uncontrolled confounding or selection biases, separating the interpretation of precision from effect size. [30] [31] [32] Moreover, the finding that some of these outcomes were rare is of clinical relevance in itself. Owing to the limited cohort size, we were unable to assess the effect of individual drugs, relevant subclasses, or dose. Potential mechanisms for the observed associations remain speculative (Appendix 6, available at www .cmaj .ca /cgi /content /full /cmaj .101406 /DC1).
Conclusion
Our exploratory study adds to the growing evidence that conventional antipsychotics may be no safer for vulnerable older adults than atypical antipsychotics. In addition, our findings suggest that some of the other classes of psychotropic medications may carry similar risks. While awaiting confirmation of these initial findingsideally in the context of a large randomized trial -clinicians considering these medications for their older nursing home patients should weigh these increased risks against potential benefits when making prescribing decisions.
